Summary. Implantation and non-implantation sites were dissected into myometrial and stromal components; a decidual/embryonic region was obtained on Days 7 and 8 of pregnancy. The concentration of collagen (as a percentage of the dry weight of tissue), measured by hydroxyproline analysis, was significantly lower in the implantation regions than in the non-implant regions in all areas studied. The concentrations in the antimesometrial myometrium and stroma of the implantation region remained the same over the days studied. In contrast, the mesometrial collagen concentration in the implantation region declined from Day 6 to Day 8 of pregnancy. Collagen concentration was low within the decidual/embryonic tissue on Days 7 and 8 of pregnancy. Remodelling of collagen within the embryonic area appears to be an important feature of the uterine response to implantation in rats.
Introduction
Embryo implantation in rats is characterized by well-described morphological changes to the uterus (Enders & Schlafke, 1967; Bell, 1983) . A significant uterine change during early implantation is decidualization, which involves the replication and differentiation of certain stromal fibroblasts within the endometrium (Kearns & Lala, 1983) . By Day 6 of pregnancy, the embryo is attached to the luminal epithelium and is found within an implantation chamber. A primary decidual zone can be located close to the embryo (Enders & Schlafke, 1967; Welsh & Enders, 1983) and, by Day 7, an essentially avascular primary decidual zone has developed (Welsh & Enders, 1987; Parr et al, 1988) . Welsh & Enders (1983) noted a bifurcation of the uterine lumen as a non-implantation site becomes incorporated into an implantation site. The development of this antimesometrial lumen assists in the physical isolation of a decidual/embryonic zone on Day 7 of pregnancy. The boundary of the primary and secondary decidual zones is clearly definable on Day 8 (Welsh & Enders, 1983) . At this time, the maternal/embryonic blood system becomes functional in the region that is mesometrial to the embryo (Welsh & Enders, 1987) .
Studies of collagen in the uterus have largely focused on the non-pregnant and post-partum state. Studies of changes in collagen during pregnancy have concentrated on the latter stages (Harkness & Harkness, 1956 ). Woessner (1962) found that pregnancy involves a 3-5-fold increase in total uterine collagen between Days 8, 9 and parturition, although the concentration of collagen decreases. Wray (1983) measured collagen in the mesentery and in the whole of the uterus during pregnancy and lactation: the results showed a decrease in the concentration of collagen in the uterus and proximal mesentery during implantation. Morphological studies have suggested a decline in collagen in the implantation area (Fainstat, 1963; O'Shea, 1983) , but the extent of the decline was not measured. Myers et al. (1990) (1967) . Hydroxyproline concentration was multiplied by a factor of (Woessner, 1962) (1977) . Overall, collagen values were similar to those obtained by Myers et al (1990) , again confirming that the effects of fixation were minimal.
Significant differences in collagen concentration (Table 1) were observed within corresponding areas between non-implantation and implantation sites. There were no significant changes over Days 6, 7 and 8 within each tissue area in non-implantation sites, but in the implant areas there was a more variable response over the days studied. The mesometrial stroma, mesometrial myometrium and decidual/embryonic areas exhibited different concentrations of decreasing collagen concen¬ tration over the days studied. In all cases, collagen concentration was significantly lower (P < 001) in implantation than in non-implantation areas. The non-implantation mesometrial and antimeso¬ metrial myometrium did not differ (P = 0-31); all other related tissue areas showed significant differences in collagen concentration. There were no statistically significant differences between the water contents of any of the tissue areas.
For each day of pregnancy, concentration of collagen was lower in the mesometrial myometrium of the implantation area than in the non-implantation area; in the non-implant areas, it did not change, but in the implant areas there was a significant decrease by Day 8.
In the antimesometrial myometrium, the collagen concentration of the implantation areas was lower than that in the non-implantation areas on all days of pregnancy and did not change significantly in either area over the days examined. Changes in collagen concentration in the mesometrial stroma in the implantation area were large (comparing Days 6-7 with Days 7-8) and highly significant (P = 0-01). In all cases, the collagen concentration of non-implant areas was significantly higher than that of the implantation region. The collagen concentration in the antimesometrial stroma in both areas did not change during the 3 days studied, although there was a lower concentration of collagen in the implantation than in the non-implantation areas.
The most striking result was the very low concentration of collagen on Days 7 and 8 in the decidual/embryonic area ( Table 1 ). The area contained both primary and secondary decidual cells as well as the embryo, which was small in relation to the decidual tissue (Fig. 1) (Bell, 1979) . Removal (1962) found that, in the involuting uterus, all other sources of hydroxyproline did not exceed 5% of the total. Starcher & Percival (1985) have also shown that, at least in the whole uterus, elastin concentration, and total amount, remains reasonably constant during the early phase of pregnancy. It is thus reasoned that the contribution of elastin, despite having a more concentrated effect due to its probable confinement to the myometrial region, is small and would be of minimal significance in terms of influencing the results of the present study.
Collagen concentration was significantly lower in implantation than in non-implantation areas. This may be because (i) of catabolism of collagen by either extracellular proteinases or intracellular digestion; (ii) reduced collagen concentration may reflect an increase in tissue growth through cell division, infiltration of cells, or an increase in the size of cells already present, resulting in a dilution effect on the collagen concentration or (iii) dilution of the extracellular collagen may have been brought about by a non-collagenous matrix component such as hyaluronic acid. A 5-6-fold increase in the concentration of hyaluronic acid has been shown during early pregnancy, although the total amount present is still small relative to collagen (Carson et al, 1987 ). An important feature of future work will be to assess which, or what, combination of these effects is important. Different tissue areas may control collagen concentration through different mechanisms.
The mesometrial and antimesometrial myometrium component, in the non-implantation re¬ gion, on Days 6, 7 and 8 of pregnancy showed no statistical difference in collagen concentration. The collagen concentration in the mesometrial myometrium of the implant region was significantly less than that in the non-implant region. Changes in the implant region over the 3 days were significant. The decrease shown within this region follows the trend found in the mesometrial stroma and suggests the possibility that not all of the stromal tissue was removed from the myometrium. If all of the stromal tissue was removed (as was indicated by the histology prep¬ arations), the results may be reflecting a metrial gland change which begins around this time (Bell, 1979) , or an actual effect on the myometrium within this region. When (Tung et al, 1986) , in vascular reorganization, or in cell differentiation.
The results of this study indicate that collagen reorganization within specific areas of the uterus is dramatic during implantation. The approach used has considerable potential for future work in relationship to ECM changes and other uterine responses. Of particular interest was the discovery that collagen concentrations in all regions have already decreased significantly by Day 6, and, in several cases, reached a plateau within the implantation compartment. This suggests that there would be considerable benefit in looking at uterine changes on Day 5 of pregnancy as well as investigating how implantation induces the very low collagen concentrations in the decidual/ embryonic compartment found in this study.
